1914). The temperature was kept constant by means of a water bath. The apparatus was calibrated and the volumes of the vessels determined by filling with mercury and weighing. The calculation from the pressure of the amount of gas evolved was made according to the method worked out by Warburg (1926) 1 and the amount is expressed as volume per cent.
Hemoglobin. Barcroft (1914) has developed the method for determining the oxygen in oxyhernoglobin by means of KsFe(CN)8. The ferricyanide drives off the loosely combined oxygen and converts the oxyhemoglobin into methemoglobin. The same method has been used by Fox (1926) in his work oh chlorocruorin. The data regarding the effect of KCN are not so satisfactory. Kobert (1900) has prepared a cyanide-hemoglobin compound from oxyhemoglobin, and Haurowitz (1924) finds a cyanide derivative of methemoglobin to which he assigns the formula H b~c N. Abderhalden (1911) cites several other investigators who have found the same or similar compounds. There seems to be no doubt, therefore, that the CN radicle can combine to some extent with hemoglobin.
A few preliminary experiments were made on hemoglobin, principally to test the accuracy of the apparatus. Fresh cow's blood was obtained from the slaughter house, defibrinated, the plasma separated by centrifuging, and the corpuscles laked with distilled water. The clear solution of hemoglobin thus obtained was saturated with oxygen at atmospheric pressure and tested with 10 per cent K3Fe(CN)6 and 10 per cent KCN in the Barcroft apparatus at 17.0°C. The results are shown in Table I .
From the above it will be seen that as determined by the ferricyanide method cow's blood contains about 22 volumes per cent O~. Barcroft (1914) has found human blood to contain about 18 to 19 volumes per cent 02 and other bloods to contain varying amounts of the same order l Warburg has used a somewhat different method from Barcroft for calculating the results. The details may be found in the introductory chapter of his book (Warburg, 1926) . of magnitude. These results for cow's blood are a trifle high, but are approximately of the order to be expected.
There is no oxygen evolution whatever with KCN. This indicates that although a cyanohemoglobin compound may be formed the oxygen is not displaced from oxyhemoglobin in the gaseous form. Either cyanide oxyhemoglobin is an addition compound or the oxygen if displaced is recombined and fixed during the reaction. It is also worthy of note that there is no colour change observable, as there is with the potassium ferricyanide. Even when the experiment is performed at 40°C. (cf. Abderhalden, 1911) there is neither change of colour nor evolution of free O.o. There is, therefore, a distinct difference in the mode of action of these two cyanide compounds. 
Hemocyanin.
It was discovered by Kobert (1903) that potassium cyanide decolorizes hemocyanin, and presumably converts it into the reduced form. This observation was utilized by Redfield, Coolidge, and Hurd (1926) in their investigation of the dissociation curve of hemocyanin. They found that potassium cyanide displaces the oxygen quantitatively and that the data for the oxygen capacity of hemocyanin as determined with cyanide coincides accurately with the data as found by other methods. To make certain of this point experiments were performed with species of Homarus and Main, and the data compared with those of Stedman and Stedman (1925) , who also worked on the blood of these animals. They evacuated the oxygen and measured the amount directly with the Van Slyke apparatus.
To obtain the blood of Homarus an incision was made in the ventral artery at the first abdominal segment and the blood allowed to flow out. With Maia a hole was pierced in the back of the shell just over the heart, and the animal quickly inverted over a beaker. The blood pours out with great rapidity and a large quantity may be secured.
The blood of ttornarus coagulates with considerable rapidity. It was prepared for use here by three methods: (a) dilution with an equal quantity of distilled water, (b) treatment with sodium oxalate, and 
Effect of KCN on Hemocyanin. Results of Twelve Experiments Performed at 18°C. and Atmospheric 02 Tension.
The letters (a), (b), (c) refer to the method by which blood was kept from coagulation (see text). (c) immediate removal by centrifuging of the dotted elements. The latter procedure sufficiently delays but does not ultimately prevent the coagulation of the serum. In all cases the volume per cent of oxygen was calculated on the basis of the quantity of the original blood present. The blood of Maia does not coagulate but the organized elements form a small clot. This clot was removed and the clear blue blood used. Table II shows the results obtained with the cyanide method and those obtained by Stedman and Stedman with the Van Slyke apparatus. The correspondence is reasonably accurate allowing for the variation in hemocyanin content among different animals.
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Stedman and Stedman found that potassium ferricyanide had no effect on hemocyanic blood. This fact has also been confirmed here. Several experiments showed unmistakably that there is no detectable evolution of oxygen with ferricyanide. There is furthermore no noticeable colour change due to the ferricyanide.
It may be stated definitely that KCN and K~Fe(CN)6 have exactly opposite effects on hemoglobin and hemocyanin, as far as the expulsion of oxygen is concerned. Hemoglobin is changed to methemoglobin by K~Fe(CN)~ whereas hemocyanin is unaltered. In fact there is no known methemocyanin. KCN does not displace the oxygen in hemoglobin, although it may combine with it, but it displaces quantitatively the oxygen in hemocyanin.
This difference is very suggestive in view of the fact that the essential metallic element in hemoglobin is iron and that in hemocyanin is copper. Furthermore, the molecular structure of the two substances is different. The iron in hemoglobin is present as part of the hematin compound which is united with the globin to form the complete molecule. In hemocyanin the copper is probably united directly to the protein. In this connection it is worth noting that Hill (1926) has synthesized hematoporphyrines with iron, copper, and nickel. Of these iron did and copper did not form a compound which could be readily oxidized and reduced. Both iron and copper have thus been adapted to the transport of oxygen but the manner in which they perform this function is not the same.
Hemerythrin.
Hemerythrin is a pigment occurring in the body fluid of a group of marine worms, the Sipunculoidea. It is colourless when reduced and pinkish red when oxidized, and has been considered by certain investigators to be a respiratory pigment. Recently Marrian (1927) has investigated its properties gasometrically and spectroscopically and has shown it to be a true respiratory pigment in that it can exist in an oxidized and a reduced state, and that the oxygen is loosely bound as in hemoglobin and hemocyanin. Martian has plotted the dissociation curve of oxyhemerythrin and has shown that it can be converted by potassium ferricyanide into a compound which he calls methemerythfin analogous to methemoglobin. He was unable, however, to demonstrate the presence of hem or hematoporphyrine and therefore regards hemerythrin as an iron-protein compound similar to hemocyanin which is a copper-protein compound. Hemerythrin would thus be intermediate in its properties between hemoglobin and hemocyanin. In such a case the action of potassium cyanide and potassium ferricyanide should be of interest. 1.17
• Hemerythrin was obtained from a species of Phascolosoma, a worm living in tidal mud fiats. The posterior end of the animal was cut off and the body fluid squeezed out into a test-tube. Each animal yields several drops. The fluid was then centrifuged, the supernatant liquid drawn off, and the corpuscles (comprising 5 to 10 per cent of the total volume) laked in distilled water. After centrifuging the d~bris of the cytollzed cells a faintly opalescent madder red solution was obtained. This is the oxidized form of hemerythrin. Table III shows the effect of adding 10 per cent K~Fe(CN)~ and 10 per cent KCN to a solution of hemerythrin at 16°C. and atmospheric oxygen tension.
It will be observed that both potassium cyanide and potassium ferricyanide cause hemerythrin to give up oxygen. Hemerythrin thus stands in contrast to hemoglobin and hemocyanin with each of which only one of these substances is effective.
To account for this effect of the cyanide compounds it must be assumed that the hemerythrin in some way combines certain of the characteristics of hemoglobin and hemocyanin. It contains principally iron (at least copper has not yet been shown to be present) which may be united to a protein in a form similar to that in which copper is supposed to exist in hemocyanin. At the same time it is possible to obtain, according to Martian, a methemerythrin corresponding to methemoglobin. The formation of this met compound would account for the liberation of oxygen under the influence of potassium ferricyanide and the structure of the protein complex might account for the liberation of oxygen and potassium cyanide. In other words the oxygen may be expelled in two very different ways.
A discrepancy will immediately be noticed. The amount of oxygen obtained with potassium cyanide is only about one-half that obtained with potassium ferricyanide. If all the bound oxygen is set free in both cases the amount should always be the same. The question may be solved in the following manner. MarTian observed that hemerythrin is stable only over a small pH range and that the pigment was irreversibly decolorized by alkali. That the pigment is destroyed by alkali or at least radically altered is shown by an experiment with potassium ferricyanide in which the hemerythrin was first decolorized with sodium hydroxide. There was no evolution of oxygen whatever and, therefore, there could be no oxyhemerythrin present. Furthermore, experiments with sodium hydroxide showed that the decolorization itself is not accompanied by any liberation of oxygen. Under ordinary circumstances the reaction with ferricyanide proceeded at least 10 minutes before completion. But with potassium cyanide the liberation of oxygen always ceased in about 1 minute, a fact which indicates either that the reaction is extremely rapid or that for some reason it is strongly inhibited. Since a 10 per cent solution of potassium cyanide is quite strongly alkaline it is reasonable to suppose that one of its effects would be to destroy the hemerythrin exactly as in the case of sodium hydroxide. There would then be two reactions proceeding simultaneously, one which would destroy the pigment and one which would liberate oxygen. Only part of the oxygen would ever appear in the free state, that part which was displaced by the cyanide before all the hemerythrin was decomposed in the presence of the alkali. It may then be stated that both cyanide and ferricyanide drive off the oxygen from hemerythrin and that this substance, in this respect, seems to embody some of the properties of both hemoglobin and hemocyanin.
Echinochrome.
MacMunn (1885) described a pigment obtained from various echinoderms which he named echinochrome and which he considered to be a respiratory pigment. This view was upheld by Griffiths (1892) who found it to contain an iron compound, probably a porphyrine. Winterstein (1909) reports that echinochrome does not contain more oxygen than sea water and therefore cannot be a respiratory pigment. Cannan (1927) has investigated the oxidation-reduction potential of echinochrome. He considers the substance to be an "activator" of oxygen, not a "carrier" and he finds no evidence, using the ordinary methods, of any dissociable compound with oxygen. Nevertheless, reduced echinochrome may be oxidized by atmospheric oxygen or by mild oxidizing agents, the product being the same in both cases. If oxidized echinochrome is a stable compound one would not expect that oxygen could be removed by potassium ferricyanide. But in twelve experiments performed with the Barcroft apparatus on echinochrome a small but definite quantity of oxygen was given off (see Table IV ).
The material was taken from a large species of Echinus found near Plymouth. The body fluid was removed through a hole in the test and allowed to clot. The clot was filtered off and extracted with distilled water, giving a clear yellow solution. The clot itself is deep reddish brown. The extract is also at first reddish brown but changes very rapidly to yellow.
With potassium cyanide no positive gas pressure was observable and, therefore, cyanide does not drive off oxygen from echinochrome. It does, however, cause a rapid colour change from yellow to reddish lavender which more slowly alters again into a yellow. Although these changes indicate that cyanide reacts in some way with the pigment they provide no clue to the nature of the changes involved.
The effect of 10 per cent potassium ferricyanide on echinochrome at 16 ° and at atmospheric oxygen tension is shown in Table IV .
The variation in these experiments is due partly to the fact that there is much more clot in some animals than in others and p a r r y to differences in concentration of the pigment. The clot was usually extracted by about one-tenth as much distilled water as there was fluid in the animal. Therefore, the real values of the oxygen content of the body fluid are about 10 per cent of those given in Table IV, very small values indeed when compared to those of the other pigments. But regardless of how small the amount of oxygen may be, it is clear that there must be some of this element which is united loosely with the pigment. Even though the quantity is no greater than that dissolved in sea water the fact that it may be driven off with ferricyanide is evidence that it is in chemical combination and not in solution, for oxygen cannot be removed from sea water by the addition of ferricyanide.
In view of Cannan's results it is quite surprising that there should be any oxygen evolution at all, for it might reasonably be expected that if the oxidized form of echinochrome is stable the oxygen could not be removed by ferricyanide. The present state of the problem does not warrant the drawing of any conclusions save that the possibility exists that echinochrome, to some extent, may perhaps act as a "carrier" as well as an "activator" of oxygen.
SUMMARY.
The oxygen in hemoglobin is liberated by KaFe(CN)~ and not by KCN, that in hemocyanin by KCN and not by KaFe(CN)6, that in
